Four new labdane-type diterpenoid glycosides, laevissiosides A-D (1-4) were isolated from the 95% ethanol extract of Diplopterygium laevissimum (Christ) Nakai, along with two known analogues, 18--D-glucopyranosyl ester-sclareol (5) and 18-hydroxy-sclareol (6). The structures of compounds 1-4 were elucidated by extensive 1D and 2D NMR spectroscopy as well as high-resolution MS analyses. All isolated compounds were evaluated for their cytotoxic effects.
Introduction
Diplopterygium laevissimum (Christ) Nakai, belonging to the Gleicheniaceae family, is widely distributed in south China. Its rhizome has been used for treating hemostasis, stomach, and epistaxis as Chinese herbal medicine. 1 Many clerodaneand labdane-type diterpenoid glycosides, which are commonly glycosidated at C-13 in ferns, have been isolated from this family. [2] [3] [4] [5] [6] [7] [8] Previous research showed that some clerodane-type diterpenoid glycosides isolated from Dicranopteris species could accelerate the growth of the stems of lettuce and inhibit the root growth. 5 Our previous chemical studies have led to the isolation of two highly oxygenated phenolic derivatives and some clerodane-type diterpenoid glycosides from Dicranopteris and an ent-kaurene diterpenoid glycoside from Hicriopteris. 6, [9] [10] [11] As a systematic research work on the bioactive constituents from the ferns, the whole plant of D. laevissimum had been studied, which led to the isolation of four new labdane-type diterpenoid glycosides (1) (2) (3) (4) , along with two known analogues (5 and 6). All of these showed no in vitro cytotoxicity against five human cancer cell lines (HL-60, SMMC-7712, A-549, SK-BR-3 and PANC-1). Herein, the isolation and structure elucidation of compounds 14 were described.
Results and Discussion
Compound 1 was obtained as a white amorphous powder. The molecular formula C 35 2). These data were very similar to those of 18--D-glucopyranosyl ester-sclareol (5), a known compound also isolated from this plant. However, detailed comparison the MS and NMR data of 1 with those of 5 revealed that 1 had one more p-coumaroyl group, which was attached to C-4′ of the sugar moiety as concluded from the HMBC (Figure 1 The relative configuration of the aglycone was established on a ROESY experiment. The ROESY correlations ( Figure 2 ) between H-5 and H-9 confirmed that these hydrogen atoms were α-oriented, while correlations of H-11/Me-17, H-11/Me-20, Me-17/Me-19, Me-17/Me-20, and Me-19/Me-20 indicated they were β-orientation. The absolute configuration of C-13 was inferred as S according to the chmical shift of C-13 (δ C 73.4). [12] [13] [14] Therefore, the structure of 1 was determined as shown, named laevissioside A.
Compound 2, a white amorphous powder, and its molecular formula, C 32 , whose physical properites were quite difference with that reported, 15, 16 were also isolated from this plant, compounds 1-4 should be labdane-type diterpenoid glycosides from the biogenic view.
All compounds isolated were evaluated for their cytotoxic activity against five human cancer cell lines, HL-60 myeloid leukemia, SMMC-7721 hepatocellular carcinoma, A-549 lung cancer, SK-BR-3 breast cancer, PANC-1 pancreatic cancer, applying the MTT method. However, all of the compounds were inactive, and they showed IC 50 values > 40 μM.
Experimental Section
General Experimental Procedures. Optical rotations were measured on a Horiba SEPA-300 polarimeter. IR spectra were obtained by Tensor 27 FT-IR spectrometer with KBr pellets. The 1 H and 13 C NMR spectra were recorded on Bruker AV-400 spectrometers in acetone-d 6 at room temperature (δ in ppm, J in Hz). FABMS was carried out on a VG Autospec-3000 spectrometer. HRESIMS was recorded with an API QSTAR Pulsar i spectrometer. Silica gel (200-300 mesh), Silica gel H (Qingdao Marine Chemical Ltd., China), and LiChroprep RP-18 silica gel (40-63 μm, Merck, Dramstadt, Germany) were used for column chromatography. Fractions were monitored by TLC and spots visualized by heating silica gel plates immersed with 15% H 2 SO 4 in ethanol. Solvents were distilled prior to use. Preparative HPLC was performed on a Shimadzu Acidic Hydrolysis of Compounds 13. Compounds 13 (68 mg) were hydrolyzed with 2 M HCl-dioxane (1:1, 4 mL) under reflux for 6 h. The reaction mixture was extracted with CHCl 3 five times (4 mL × 5). The aqueous layer was neutralized with 2 M NaHCO 3 , and was evaporated to dryness. The dry powders were dissolved in pyridine (2 mL). Then L-cysteine methyl ester hydrochloride (about 1.5 mg) was added and kept at 60 °C for 1 h. Next, trimethylsilylimidazole (about 1.5 mL) was added to the reaction mixture in ice water and kept at 60 °C for 30 min. The mixture was subjected to GC analysis, run on a Shimadzu GC-14C gas chromatograph equipped with a 30 m × 0.32 mm i. 
